. A recent study showed an association with multiple esophageal dysplasia (9). Yokoyama et al. reported that the 5 To whom correspondence should be addressed ALDH2*2 (Lys487) allele leads to increased susceptibility to Aldehyde dehydrogenase-2 (ALDH2) degrades acetaldeesophageal cancer among male alcoholics (6, 8) . To our best hyde metabolized from ethanol. Its encoding gene ALDH2 knowledge, however, there has been no report directly conhas a functional polymorphism: ALDH2 Glu487Lys. An firming a gene-environmental interaction between the ALDH2 association between this polymorphism and esophageal polymorphism and alcohol consumption. cancer among alcoholics has been reported. To further
We therefore conducted the present hospital-based caseevaluate the gene-environment interaction, a hospitalcontrol study to evaluate this question. 
Many epidemiological studies have consistently shown heavy
Statistics alcohol drinking to be a risk factor for esophageal cancer All statistical analyses were performed using STATA v.6 software (STATA, College Station, TX). Accordance with the Hardy-Weinberg equilibrium,
(1). The oxidative metabolite of ethanol, acetaldehyde, is which indicates an absence of discrepancies between genotype and allele recognized to be carcinogenic for animals (2) and is suspected frequencies, was checked for controls with the χ 2 test. Odds ratios (ORs) and of having similar effects in man. Aldehydes have the potential 95% confidence intervals (CIs) were estimated using an unconditional logistic to bind to cellular proteins and DNA, thus leading to carcinoregression model. The factors employed for multivariate analyses were as follows: age as a continuous variable; sex; smoking status, never smoked, exgenesis (3).
smoker, smoker (Ͻ50 and ജ50 pack years); alcohol consumption, heavy drinker [consumption of 3 gou (equivalent to 75 ml alcohol)/day ജ5 days/ week]. Gene-environment interactions with the ALDH2 polymorphism were Abbreviations: ALDH2, aldehyde dehydrogenase-2; CI, confidence interval; OR, odds ratio.
estimated by the logistic model (11), which included an interaction term as Table I summarizes subject characteristics. The age distribution was slightly older among cases. The median period from diagnosis to entry was 1 year. Heavy smokers (ജ50 pack years) constituted 33.7% of cases and 6.2% of the controls. Lys/Lys, 7.9%. The distribution among cases was: Glu/Glu, 34.3%; Glu/Lys, 64.7%; Lys/Lys, 1.0%. Lys/Lys genotypes. Adjusted ORs for alcohol drinking were As shown in Table II , the crude OR for the mutant genotype 49.6 (95% CI 14.5-169.4, P Ͻ 0.001) for Glu/Lys and Lys/ (Glu/Lys and Lys/Lys) relative to the homozygous wild-type Lys and 7.84 (95% CI 2.77-22.2, P Ͻ 0.001) for Glu/Glu. (Glu/Glu) was 2.10 (95% CI 1.30-3.39, P ϭ 0.003). The age,
The OR for the gene-environment interaction between the gender, smoking status and alcohol consumption adjusted OR ALDH2 Lys487 allele and alcohol drinking was 6.84 (95% was 3.43 (955 CI 1.74-6.75, P Ͻ 0.001). When focusing on CI 2.39-19.6, P Ͻ 0.001), while no statistically significant the Lys/Lys genotype the crude and adjusted ORs were not interaction existed with regard to current smoking (OR 2.04, statistically significant but showed a decreased risk tendency. 95% CI 0.67-6.20, P ϭ 0.211). Crude ORs for years from diagnosis did not differ (Ͻ1 year versus ജ1 year; data not shown), therefore, we analyzed all Discussion cases together. When subjects were analyzed according to alcohol consumption the ORs for Glu/Lys and Lys/Lys comIn this study we found the ALDH2 Lys487 allele to have a statistically significant gene-environment interaction with pared with Glu/Glu were much higher for heavy drinkers (OR for Glu/Lys and Lys/Lys 11.5, 95% CI 3.53-37.4, P Ͻ 0.001) heavy drinking with respect to risk of esophageal cancer. In addition, we confirmed an increased risk with the ALDH2 than others (OR 1.51, 95% CI 0.72-3.18, P ϭ 0.27) ( Table  III) . only observed in alcoholics (6, 8) . The OR for Lys487 allele to be alcohol dependent (12,13). Compatible with this observation, there were no Lys/Lys genotype heavy drinkers among carriers compared with Glu/Glu in this study was thus consistent with the literature. Although detailed biological mechaneither cases or controls. The decreased risk for the Lys/Lys genotype seemed due to the confounding factor that persons isms require clarification, we can draw the conclusion that diminished ALDH2 enzyme activity and resultant higher with the genotype were likely to be non-drinkers, a low risk group for esophageal cancer. concentrations of acetaldehyde are definite risk factors for esophageal cancer.
We have applied a PCR-CTPP method we have developed for genotyping of single nucleotide polymorphisms (10) and Of major interest in this context was the difference in the effect of the Lys487 allele between heavy drinkers and others.
proved that it is applicable to genotyping of the ALDH2 Glu487Lys polymorphism. This approach does not require The risk was thus dramatically changed with high ethanol exposure and low ALDH2 activity, in line with expectation.
restriction enzyme digestion so that the time and cost are reduced. Although skill is necessary in designing primers, the Estimation of the gene-environment interaction with the ALDH2 polymorphism demonstrated statistical significance logic itself is simple and it is of practical use without high technology instrumentation. only for heavy drinking, and not for smoking. The observed significant interaction means that the OR for the heavy drinkers
The present results should be interpreted with care, because this study was of prevalent case-control type. We analyzed all with Lys487 relative to non-heavy drinkers with the Glu/Glu genotype was [OR for heavy drinking]ϫ[OR for Lys487 cases, including prevalent cases, together because absence of a survival effect has been reported for the ALDH2 genotype allele]ϫ6.84, implying that the effects of the Lys487 allele and heavy drinking are enhanced if both factors coexist. (14) . To confirm the absence of a difference in attribution of the polymorphism between prevalent and incident cases we Individuals with the ALDH2 Lys487 allele in particular should be targeted with regard to prevention efforts aimed at reducing examined the ORs according to years from diagnosis to enrolment (Ͻ1 year versus ജ1 year); there did not appear to alcohol exposure.
We should mention the risk trend for Lys/Lys genotype be any difference, suggesting that the OR reflected mainly risk, not prognosis. Although further prospective studies are subjects, although it was not statistically significant. Contrary to the basal hypothesis, these subjects showed a decreased risk desirable, results of our and former studies provide strong evidence for our interpretation. for esophageal cancer. Previous studies on the association between the ALDH2 polymorphism and drinking behavior
In summary, the present study revealed a strong geneenvironment interaction between the ALDH2 polymorphism revealed that individuals with the Lys/Lys genotype are unlikely
